Introduction
============

Prostate cancer is the most common malignancy in men in the US.[@b1-cia-8-871] The majority of prostate cancers are adenocarcinomas. With increasing life expectancy and wide adoption of prostate-specific antigen screening, an increasing number of elderly men are being diagnosed with prostate cancer.[@b2-cia-8-871] In addition to prostate-specific antigen and Gleason score, age is considered a key prognostic factor in therapeutic decision-making.[@b3-cia-8-871],[@b4-cia-8-871] Because of its indolent course and the fact that the majority of patients are diagnosed early, disease progression often occurs many years after the initial diagnosis. Elderly men who have concurrent severe comorbidities may not experience progression to metastatic disease during their lifetime. Although organ-confined disease can be cured by radical prostatectomy and local radiation therapy, conservative management, including active surveillance and watchful waiting of older men with early-stage disease, has been suggested as a viable option.[@b4-cia-8-871]

Small-cell carcinoma of the prostate (SCCP) is an uncommon but aggressive subtype of prostate cancer.[@b5-cia-8-871]--[@b8-cia-8-871] In contrast with adenocarcinoma of the prostate, current knowledge on SCCP is largely limited to retrospective case series and case reports.[@b5-cia-8-871]--[@b12-cia-8-871] Clinically, SCCP may arise de novo and be identified at the time of initial diagnosis. However, more often, the small-cell component manifests itself late in the course of the disease. The clinical and pathologic features of SCCP[@b5-cia-8-871]--[@b8-cia-8-871] differ from those of adenocarcinoma. SCCP-specific features include a predilection for visceral metastases, lytic bone involvement, a relatively low serum prostate-specific antigen concentration, resistance to androgen deprivation therapy, and a high response rate to cisplatin-etoposide chemotherapy.[@b9-cia-8-871]--[@b12-cia-8-871]

The elderly population in the US is growing at an unprecedented rate. Current projections suggest an increase in the number of individuals over the age of 65 years from 33.6 million (13%) in 1990 to 70.2 million (20%) by 2030.[@b13-cia-8-871] Current life expectancy for an individual reaching 70 years of age is 12.4 years for males and 15.7 years for females.[@b14-cia-8-871] Despite the high prevalence of prostate cancer in the elderly and the importance of decision-making regarding treatment, there is little information on the impact of age at clinical presentation, treatment decisions, and survival outcomes in patients with SCCP. To improve our understanding of this tumor, we have undertaken a comprehensive analysis of patients with SCCP identified in the National Cancer Institute Surveillance, Epidemiology, and End Results (SEER) database.

Materials and methods
=====================

Data source and study population
--------------------------------

Data for this study were obtained from SEER\*Stat public use data files, available online at the National Cancer Institute website (<http://seer.cancer.gov/registries/data.html>). SEER currently consists of 17 statewide and regional tumor registries spread throughout the US, covering approximately 26% of the population. The individual registries are geographically located to oversample minority populations, including African-Americans, Hispanics, Asian Pacific Islanders, and Native Americans.[@b15-cia-8-871]

Variables
---------

SEER routinely collects data on patient demographics (age at diagnosis, year of diagnosis, race/ethnicity, marital status, and geographic residence at time of diagnosis), tumor characteristics (grade and stage), treatment (radical prostatectomy, radiation), and follow-up documentation of vital status and cause of death.[@b15-cia-8-871] Cases of SCCP were extracted from SEER on the basis of anatomic site (ICD-O-2 code C61.9) and histology type (ICD-O code 8041-45) for patients first diagnosed and/or treated between January 1973 and December 2004.

Pure small-cell carcinoma of the prostate is extremely rare. When it does occur, it is usually concomitant with prostatic adenocarcinoma. Grading information was available for concomitant prostatic adenocarcinoma. The Gleason grading scheme can be used for the glandular component, but not for the small-cell component of prostate cancer.[@b16-cia-8-871] The World Health Organization's standard grading system was used, with four separate categories (well, moderately well, poorly differentiated, and undifferentiated). We combined the undifferentiated carcinoma and poorly differentiated carcinoma grades into a single group (poorly/undifferentiated carcinoma) in the downstream subset analyses.

Tumor stage was evaluated by the SEER historic staging system (localized, regional, and distant). The SEER summary stage was produced using the extent of disease information from medical records and pathology reports reviewed at the time of diagnosis.[@b16-cia-8-871]

Survival was defined as the time between cancer diagnosis and death or the last known date alive. Patients known to be alive at the last contact were censored. Cases identified at the time of autopsy or only by death certificate were excluded from survival analysis.

Statistical analysis
--------------------

The patients were categorized into two groups, ie, aged younger than 75 years (n = 158, 61%) or 75 years and older (n = 101, 39%). Comparisons of patients, tumor characteristics, and treatment between the two patient groups were based on the χ^2^ test.

For the survival analysis, we excluded patients with multiple primaries and those who were diagnosed at autopsy or on the basis of death certificates only. Survival duration was measured by the Kaplan--Meier method and compared by the log rank test. Statistical independence between prognostic variables was evaluated by multivariate analysis using the Cox proportional hazard model.[@b17-cia-8-871],[@b18-cia-8-871]

All statistical calculations were performed using Statistical Package for Social Sciences version 12.0 (Apache Software Foundation 2000, SPSS Inc, Chicago, IL, USA). Comparative differences were considered to be statistically significant at *P* \< 0.05.

Results
=======

Incidence
---------

Of 629,338 patients with prostate cancer identified in the SEER 17 registries during the study period, 259 were found to have histologically confirmed SCCP, representing 0.04% of all patients with prostate cancer.

Patient and tumor characteristics
---------------------------------

[Table 1](#t1-cia-8-871){ref-type="table"} summarizes the characteristics of the 259 patients with SCCP identified in the SEER database during the study period. Most of the patients (85.3%) were white. The median age of the cohort was 72 (30--95) years.

Of the 177 patients with known concomitant adenocarcinoma, 157 (88.7%) were classified as having high-grade poorly/undifferentiated carcinoma. Of the 198 patients with staging information in the SEER registry, 123 (62.1%) were classified as having regional or distant stage disease ([Table 1](#t1-cia-8-871){ref-type="table"}). Comparing patients aged \< 75 and those ≥ 75 years, there was no significant difference in ethnicity, tumor characteristics (such as concomitant prostatic adenocarcinoma grade, SEER stage), or treatment (including prostatectomy and radiation therapy) received.

Survival
--------

Overall, 230 of 259 (89%) patients died of SCCP during the follow-up period. [Figure 1A](#f1-cia-8-871){ref-type="fig"} shows a Kaplan--Meier plot of overall survival in these patients. Median overall survival for all cases was 10 months (95% confidence interval \[CI\] 8.2--11.7).

Cases identified at autopsy or on the basis of a death certificate alone were excluded from the cancer-specific survival analysis. In total, 218 patients were included in this analysis. [Figure 1B](#f1-cia-8-871){ref-type="fig"} shows the Kaplan--Meier plots of cancer-specific survival, the median of which was 19 months (95% CI 13.4--24.6).

There was a significant difference in cancer-specific survival rates between patients with concomitant low-grade and high-grade prostatic adenocarcinoma (*P* \< 0.01, [Figure 1C](#f1-cia-8-871){ref-type="fig"}), patients with locoregional and distant disease (*P* = 0.005, [Figure 1D](#f1-cia-8-871){ref-type="fig"}), and those aged younger than 75 years and 75 years or older (*P* = 0.005, [Figure 1E](#f1-cia-8-871){ref-type="fig"}). The median cancer-specific survival for those aged younger than 75 years and 75 years or older was 26 months (95% CI 13--39) and 15 months (95% CI 7.8--22.2), respectively.

[Table 2](#t2-cia-8-871){ref-type="table"} shows the results of multivariate survival analysis by Cox proportional hazard modeling. Older age at diagnosis (hazard ratio \[HR\] 1.95; *P* = 0.001), concomitant high-grade adenocarcinoma (HR 7. 13; *P* = 0.007), and not having prostatectomy (HR 3.77; *P* = 0.005) were found to be significant independent predictors of poor cancer-specific survival.

Discussion
==========

The incidence of prostate cancer is known to increase with advancing age,[@b1-cia-8-871],[@b17-cia-8-871] and SCCP is no exception. In this study, 73.7% of patients with SCCP were diagnosed when they were over the age of 65 years, and about 39% were aged over 75 years. The incidence of small-cell carcinoma in clinical specimens is estimated to be 0.5%--2%,[@b2-cia-8-871]--[@b5-cia-8-871] and autopsy studies have reported that small-cell carcinoma occurs in 10%--20% of conventionally treated adenocarcinoma of the prostate.[@b19-cia-8-871] In our study, SCCP accounted for approximately 0.04% of primary prostate cancers during the study period, which is lower than that reported in the abovementioned single-center studies. There are several possible explanations for the large discrepancy in these figures.

First, patients with a rare subtype of prostate cancer tend to visit referral centers for a second opinion. Second, the data source also likely contributed to the different incidence rates between the single-institution studies and our population study. SEER routinely collects histological data at the time of initial diagnosis, and additional pathological diagnoses from subsequent biopsies are not included. Finally, SCCP may arise de novo and be identified at the time of initial diagnosis. More often, the small-cell component manifests itself late in the disease course in patients with metastatic prostate cancer, who suddenly develop widespread metastases in unusual locations, such as the liver, without an accompanying rise in serum prostate-specific antigen.[@b19-cia-8-871],[@b20-cia-8-871] In current clinical practice, rebiopsies are seldom performed in patients with prostate cancer because of the perception that rebiopsy of these patients in the face of known prostate cancer is not warranted, especially in elderly patients with advanced disease. Therefore, the incidence of small-cell carcinoma and the clinical impact of this subtype of prostate cancer in elderly men is likely underestimated and under-reported.[@b21-cia-8-871]--[@b24-cia-8-871]

Controversy exists regarding the importance of patient age in the behavior of prostate cancer.[@b25-cia-8-871]--[@b29-cia-8-871] Contrary to the common belief that elderly men with prostate cancer will die of something else, a recent study demonstrated that men age 75 years and older are more likely to be diagnosed with late-stage and more aggressive prostate cancer and therefore die from the disease more often than younger men.[@b30-cia-8-871] Older men have largely been excluded from clinical trials of the benefits of early detection, based on the idea that older men would not benefit from early detection because of their shorter remaining life expectancy.[@b31-cia-8-871],[@b32-cia-8-871]

Age has also been shown to affect the treatments offered to patients with prostate cancer. A retrospective study of 260,000 patients from the National Cancer Database treated from 1992 to 1994 confirmed that older patients with prostate cancer are often treated less aggressively.[@b33-cia-8-871] In another large retrospective study using the Cancer of the Prostate Strategic Urologic Research Endeavor database, 26% of men aged ≥ 75 years presented with high-risk disease (Cancer of the Prostate Risk Assessment score 6--10). Older men were more likely to receive less aggressive therapy. Controlling for age, comorbidity, and risk, older men with high-risk tumors receiving local therapy had a 46% reduction in mortality compared with those treated conservatively.[@b34-cia-8-871] The current management of prostate cancer does not reflect recent data with respect to elderly patients and the benefits they might gain from increased therapeutic intervention.

There is little information regarding the impact of age on clinical presentation, treatment, or survival outcomes in patients with SCCP. In our study, there was no significant difference in terms of tumor characteristics, such as concomitant prostatic adenocarcinoma grade, SEER stage, and treatment (including prostatectomy and radiation therapy) received between men aged younger than 75 years and those aged 75 years or older. However, compared with their younger counterparts, older patients with SCCP had a two-fold higher risk of dying from their prostate cancer. Our study is consistent with the previous finding that older age is an independently poor prognostic factor in patients with SCCP.[@b35-cia-8-871] Further research is needed to clarify whether this age-related poor outcome is simply the consequence of comorbid conditions, suboptimal chemotherapy, treatment-related side effects with advancing age, or the results of age-specific differences in tumor biology and dysregulation of the oncogenic pathway.[@b36-cia-8-871],[@b37-cia-8-871] Although host-related factors, such as comorbid conditions, play an important role in the prognosis of the elderly with cancer, a large-scale genomic analysis[@b36-cia-8-871] dissecting the biology of acute myelogenous leukemia as a function of age with regard to underlying molecular events, demonstrated that acute myelogenous leukemia arising in the elderly is a unique biological entity driven by unifying oncogenic signaling pathways. With our aging population, it is important to understand the age-related differential biological behavior of tumors. Our study should raise awareness that older men are actually having worse outcomes from SCCP, and help doctors and patients embarking on discussions about the benefits and risks of treatment.

This research should be interpreted in light of some limitations, including its retrospective design. Our data did not allow us to examine any chemotherapy given, patient performance status, or comorbidities, all of which may influence survival in patients with cancer. Unlike single-center studies, the accuracy of staging and pathological diagnosis within a national registry may vary widely across institutions. We did make an effort to overcome this limitation by measuring prostate cancer-specific survival rather than overall survival. The strengths of this study include its population-based design and the large sample size included, with the latter being of particular importance for analysis of rare tumors such as pure SCCP.

Conclusion
==========

Advanced age, high-grade concomitant prostatic adenocarcinoma, and not having radical prostatectomy were independent predictors of poor survival. Whether the poor age-related outcome can be attributed to age-specific dysregulation in the oncogenic pathway or is simply the consequences of poor performance status and suboptimal chemotherapy on the basis of age needs further investigation.
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![(**A**) Kaplan--Meier curve for overall survival (OS) in the entire cohort of patients with small-cell carcinoma of the prostate (SCCP) (n = 259). (**B**) cancer-specific survival of patients with SCCP. (**C**) cancer-specific survival of patients with SCCP by tumor histological grade. (**D**) cancer-specific survival of patients with SCCP by tumor stage. (**E**) cancer-specific survival of patients with SCCP by age group.\
**Notes:** For the cancer-specific survival analyses, we excluded cases identified at autopsy or on the basis of death certificates only, and those with multiple primaries. A total of 218 patients were included in the cancer-specific survival analysis. The *P* value is shown for the log-rank test between variables.](cia-8-871Fig1){#f1-cia-8-871}

###### 

Characteristics of 259 patients with small-cell carcinoma of the prostate diagnosed between January 1973 and December 2004

  Characteristics              n     Age at diagnosis   *P*   
  ---------------------------- ----- ------------------ ----- ----------
  Ethnicity                                                   
   Black                       26    20                 6     0.21
   White                       221   131                90    
   Other                       12    7                  5     
  Married                                                     
   Yes                         182   116                66    \<0.0001
   No                          37    27                 10    
   Widower                     33    9                  24    
   Unknown                     7     6                  1     
  Grade                                                       
   Well differentiated         10    4                  6     0.06
   Moderately differentiated   10    9                  1     
   Poorly differentiated       60    40                 20    
   Undifferentiated            97    62                 35    
   Unknown                     82    43                 39    
  SEER stage                                                  
   Locoregional                75    46                 29    0.99
   Distant                     123   74                 49    
   Unstaged                    18    11                 7     
   Unknown                     43    27                 16    
  Prostatectomy                                               
   Yes                         15    11                 4     0.60
   No                          218   131                87    
   Unknown                     26    16                 10    
  Radiation                                                   
   Yes                         85    56                 29    0.53
   No                          169   99                 70    
   Unknown                     5     3                  2     
  Year of diagnosis                                           
   1973--1989                  76    47                 29    0.86
   1990--2004                  183   111                72    

**Abbreviation:** SEER, Surveillance, Epidemiology, and End Results.

###### 

Cox proportional multivariate analysis of factors associated with cancer-specific mortality in 218 patients with small-cell carcinoma of the prostate

  Characteristics            Group          HR             95% CI   *P* value
  -------------------------- -------------- -------------- -------- -----------
  Age at diagnosis (years)   \<75           1.00                    
  ≥75                        1.95           (1.30--2.93)   0.001    
  Ethnicity                  White          1.00                    
  Black                      1.11           (0.59--2.07)   0.747    
  Other                      1.68           (0.83--3.38)   0.147    
  Grade                      Low            1.00                    
  High                       7.13           (1.70--29.9)   0.007    
  Unknown                    6.51           (1.52--27.9)   0.012    
  SEER stage                 Locoregional   1.00                    
  Distant                    0.95           (0.59--1.53)   0.832    
  Unstaged                   0.79           (0.31--2.06)   0.634    
  Unknown                    0.53           (0.26--1.14)   0.066    
  Marital status             Yes                                    
  No                         1.12           (0.74--1.69)   0.606    
  Unknown                    0.87           (0.63--1.51)   0.799    
  Year of diagnosis          1973--1989     1.00                    
  1990--2004                 1.89           (0.63--1.57)   0.893    
  Prostatectomy              Yes            1.00                    
  No                         3.77           (1.51--9.47)   0.005    
  Unknown                    2.36           (0.75--7.47)   0.144    
  Radiation                  Yes            1.00                    
  No                         1.42           (0.93--2.51)   0.105    
  Unknown                    1.70           (0.32--3.63)   0.911    

**Abbreviations:** HR, hazard ratio; CI, confidence interval; SEER, Surveillance, Epidemiology, and End results.
